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ABSTRACT  
 
        In the present study, master seeds, working seeds and experimental batches 
of the Newcastle disease Dongola and I2 lentogenic strains were prepared in 
embryonated chicken eggs via allantoic route. The embryo infective dose 50% 
end (EID50%) was determined in chick embryos for the two above mentioned 
vaccines and commercial LaSota vaccine was found to be 109.2/ml, 109.1/ml and 
108.7/ml for Dongola, I2 and LaSota vaccines respectively according to Reed and 
Muench( 1938). 
         Experimental trials were performed to determine the effect of route of 
administration (drinking water, spray and intranasal route) and the 
thermostability of the three vaccines. 
       A total of 100 male chicks of BOVAN breed of two-weeks old were used in 
the present study to determine the best route of administration and to compare 
between the three types of vaccines in terms of immune response as measured by 
Haemagglutination inhibition test (HI). 
       The chicks were divided into ten groups of ten chicks each. Chicks in A1, 
A2 and A3 groups were vaccinated by intranasal (I/N), spray and drinking water 
route, respectively using Dongola strain. 
       The mean HI titres among the three groups was measured for five weeks 
post vaccination (1st-week (pv), 2nd-week (pv), 3rd-week (pv),4th-week(pv) and 
5th-week (pv) ) was 3.8, 4.8, 5, 3.5 and 2.8 log2, respectively for group A1 and 
3.7, 4.3, 4.7, 3.8 and 2.8 log2 for group A2 and 3.5, 4.2, 4.5, 3.5 and 2.5 log2 for 
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A3. Chicks in B1, B2 and B3 groups were vaccinated by intranasal (I/N), spray 
and drinking water route (DrW), respectively using LaSota vaccine. 
       The mean HI titres among the three groups was measured for five weeks 
post vaccination (1st-week (pv), 2nd-week (pv), 3rd-week (pv),4th-week(pv) and 
5th-week (pv) ) was3.7, 4.6, 4.9, 3.8 and 2.7 log2 respectively for group B1 and 
3.5, 4.5, 4.8, 3.5 and 2.8 log2 for group B2 and 3.3, 4.3, 4.5, 3.1 and 2.4 log2 
,respectively for group B3. 
       Chicks in C1, C2 and C3 groups was vaccinated by intranasal (I/N), spray 
and drinking water route (DrW) ,respectively using I2 strain. 
     The mean HI titres among the three groups was measured for five weeks post 
vaccination (1st-week (pv), 2nd-week (pv), 3rd-week (pv),4th-week(pv) and 5th-
week (pv) ) was 3.6, 3.8, 4.4, 3.5 and 3 log2,respectively for group C1 and 3.4, 
3.7, 4.2, 3.5 and 3 log2,respectively for group C2 and 3.2, 3.5, 3.9, 2.8 and 2.3 
log2 , respectively group C3. 
Based on the current study, intranasal route was found to be superior to spray 
route, which was better than drinking water route, also Dongola and LaSota 
strains are both embryo infective and immunogenic and induce quite similar 
immune response. 
          Thermostability of haemagglutinin of Newcastle disease virus strain 
(Dongola, LaSota and I2) was done by heating undiluted allantoic fluid in sealed 
glass vials in water bath at 56 0c for selected periods (5min, 10min, 15min, 
30min, 60min and 120 minutes). 
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         The Haemagglutination ability of contents was determined. I2 gave higher 
thermostability. Dongola strain was found to be thermolabile, but it resists 
heating for 5 minutes in comparison to LaSota strain, which is the most 
thermolabile virus. 
     It is recommended that more research should be done on the immunogencity 
of Dongola strain in broilers. Dongola and I2 strains can replace LaSota strain in 
vaccination of chickens in Sudan because of comparable immunogencity and 
better thermostability. 
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Introduction 
        Newcastle disease has been one of the most important diseases 
of poultry worldwide. The disease was first observed in java in 1926 
and in the same year it spread to England, where it was first 
recognized in Newcastle, hence the name. The disease is one of the 
most contagious of all viral diseases, spreading rapidly among 
susceptible birds, in some cases seemingly in mysterious fashion 
(Karneveld, 1926 and Doyle, 1927). 
Newcastle disease is caused by a group of closely related viruses 
which form the avian paramyxovirus type 1(APMV-1) serotype 
(Murphy, Gibbs, Horzinek and Studdert, 1999). Many avian species 
are affected by Newcastle disease virus. Chickens are the most 
susceptible; ducks, geese, turkeys, pheasants, guinea fowl, pigeons 
and a wide range of captive and free-ranging semidomestic and free-
living birds, including migratory water fowl are also susceptible.  
      For many years Newcastle disease virus (NDV) strains and 
isolates were considered to form a serologically homogeneous group 
and this has been the basis of the vaccination procedures employed 
prophylactically in most countries (Alexander, 1997). 
Newcastle disease virus (NDV) strains have been grouped into five 
pathotypes including viscerotropic velogenic (VV), neurotropic 
velogenic (NV), mesogenic, lentogenic and asymptomatic enteric 
pathotypes (Jordan, 1990). The vaccines available for national 
programs are of three main types: live lentogenic vaccines, live 
mesogenic vaccines and inactivated vaccines (Palya and 
Rweyemamu, 1991). 
          Newcastle disease was first reported in Sudan in 1951 (Anon, 
1950-1951). The disease took a virulent form and caused high 
mortality (Khogali, 1971). The virus was isolated and identified for 
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the first time in the Sudan in 1962 in a natural outbreak of the 
disease (Karrar and Mustafa, 1964). 
          According to Khalafalla, Fadol, Hameid, Hussein and 
Mahasin (1992) the viscerotropic velogenic Newcastle disease 
viruses are the most prevalent strains in the Sudan and are 
responsible for heavy annual losses of the country's poultry industry. 
Vaccination is a routine practice for the prevention and control of 
the disease. However, it is difficult to transport and maintain 
conventional thermolabile vaccines in ambient temperatures ranging 
from 24 oc to 36 oc.  
           Vaccination against ND was practiced for the first time in the 
Sudan in 1951-1952 using 4,700 doses of a vaccine imported from 
South Africa (Anon, 1951-1952).  
Thermostable vaccines which are resistant to high 
temperatures, offer an opportunity to improve ND vaccination 
strategy for village poultry in Asia and Africa. The main advantages 
of thermostable live vaccines are the possibility of reaching sites 
beyond the cold chain in a viable state. 
         Three isolates of NDV were obtained from apparently healthy 
chickens in Dongola city (Northern Sudan). These isolates were 
considered to be lentogenic strains, since they have all the 
characteristics of lentogenic strains and are grouped in (E) group of 
paramyxoviruses in close relation to LaSota strain (Khalafalla, 
1994). Dongola strain is a potentially good vaccine candidate against 
Newcastle disease (Abdel-karium, 2006) 
The aims of this study are:   
1-To compare the immune response to Dongola, I2 and LaSota 
vaccines using three different routes of administration. 
2-To compare the thermostability and infectivity of Dongola, I2 and 
LaSota vaccines. 
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CHAPTER ONE 
Literature Review 
1.1. Newcastle disease 
1.1.1. Definition 
        Newcastle disease (ND) is a viral infection of birds, which can cause 
up to 100% mortality in susceptible chickens (Gordon and Jordan, 1982). 
Murphy et al (1999) defined ND as one of the most contagaiuos of all viral 
disease, spreading rapidly among susceptible birds in some cases 
seemingly in mysterious fashion. 
         Newcastle disease is caused by specific viruses of avian 
paramyxovirus type 1 (APMV-1) serotype of the genus Rubulavirus that 
belong to subfamily Paramyxovirinae, family Paramyxoviridae. The 
paramyxoviruses isolated from avian species have been classified by 
serological testing into nine serotypes designated APMV-1 to APMV-9. 
Newcastle disease virus (NDV) has been designated APMV-1. One of the 
most characteristic properties of different strains of NDV has been their 
great variation in pathogenicity of chickens. NDV (APMV-1) may show 
some antigenic cross-relationship with some of the other avian 
paramyxovirus serotypes, particularly APMV-3 and APMV-7 (Alexander, 
1997). 
1.1.2. History 
        The first documented outbreaks of ND occurred in Java, Indonesia 
(Karneveld, 1926) and Newcastle upon –tyne, England (Doyle, 1927). 
The name Newcastle disease was coined by Doyle who wished to avoid a 
descriptive name that might be confused with other diseases (Doyle, 
1935). Newcastle has been also termed pseudo fowl pest, pseudo Vogel 
pest, a typische gelfugel pest, pseudo poultry plague, avian pest, avian 
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distemper, ranikh disease, tetelo disease, Korean fowl plaque and avian 
pneumoencephalitis (Alexander, 1991). 
1.2. Newcastle disease virus 
1.2.1. Classification  
      The disease is caused by the virus avian paramyxovirus 1 that 
belongs to the genus Rubulavirus of the subfamily Paramyxovirinae of 
the family Paramyxoviridae (Murphy et al; 1999). 
Members of family Paramyxoviridae are enveloped RNA viruses 
showing helical symmetry with a non-segmented, single stranded genome 
of negative polarity (Melnick, 1982). This family belongs to order 
Mononegaviralies (Murphy et al; 1999). The family Paramyxoviridae is 
sub divided into two subfamilies Paramyxovirinae and Pneumovirinae. 
The subfamily Paramyxovirinae contain the genera Respirovirus, 
Rubulavirus and Morbillivirus, the subfamily Pneumovirinae containing 
the genera Pneumovirus and Metapneumovirus (Murphy et al; 1999). 
The genus Rubulavirus consisted of Newcastle disease virus, avian 
paramyxovirus 2-9, canine parainfluenzavirus 2, porcine Rubulavirus, 
Michoacan, Mumps virus and Human parainfluenzavirus 2, 4a and 4b 
(Murphy et al; 1999). 
          Newcastle disease virus also can be classified into five pathotypes 
based on the clinical signs induced in infected chickens (Beard and 
Hanson, 1981): 
1-Viscerotropic velogenic 
High mortality rate with intestinal lesion. 
2-Neurotropic velogenic 
High mortality rate following nervous signs. 
3-Mesogenic 
Low mortality rate, respiratory and nervous signs, reduced egg 
production. 
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4-Lentogenic 
        Mild or in apparent respiratory infections, death confined to young 
chickens. 
5-Asymptomatic enteric (a pathogenic): 
In apparent intestinal infection. 
1.2.2. Virion properties 
      Paramyxovirus virions are pleomorphic in shape (spherical as well 
flimatenus forms occur), 150-300nm in diameter. Virions are enveloped, 
covered with large peplomers (8-20 nm in length),and contain 
"herringbone-shape" helically symmetrical nucleocapsid, 600-800 nm in 
length and 18 nm (Paramyxovirus, Rubulavirus, Morbillivirus) or 13 nm 
(Pneumovirus) in diameter (Murphy et al .,1999). 
 
1.2.3. Characteristics of Newcastle disease virus 
       Newcastle disease is caused by a paramyxovirus which mainly 
affects poultry. Chickens are the most susceptible host. The incubation 
period varies with the strain of the virus, and generally is 4-5 days (range 
2-15). The virus is readily inactivated by formalin, alcohol, lipid solvents, 
Lysol and ultraviolet light (Bratt and Clavell, 1972). 
Newcastle disease virus may persist in undispersed chicken's faeses for 
more than six months (Alexander et al; 1985). 
1.2.4. Transmission 
       The mode of transmission from bird to bird is clearly dependent on 
the organ in which the virus multiplies. Birds showing respiratory disease 
presumably shed virus in aerosols of mucus which may be inhaled by 
susceptible bird. Viruses that are mainly restricted to intestinal replication 
may be transferred by ingestion of contaminated faeces, either directly or 
in contaminated food or water, or by inhalation of small infectious 
particles produced from dried faeces.. Assessments of airborne spread of 
NDV over large distances have produced varied results. During the 
 22
panzootic of 1970-1973 this type of spread was considered to be the 
major importance in some countries but is less significance in others. 
Man seems to play the central role in the spread of NDV, usually by the 
movement of his live birds, fomites, personnel and poultry products 
(including dead birds and faeces as fertilizer) from affected premises to 
susceptible birds. A key to successful spread of NDV is the ability of the 
virus to survive in the dead host or excretions. In infected carcasses NDV 
may survive for several weeks at cool ambient temperatures or several 
years if held frozen (Alexander, 1999). Most strains of the virus are heat-
labile and do not persist for long periods in the environment (or 
diagnostic samples). A few strains are heat-tolerant, and these are mainly 
the virulent strains that seem to favor oral-faecal spread (Alders and 
Spradbrow, 2001). 
       The virus may also be disseminated by frozen chickens, uncooked 
kitchen refuse, foodstuffs, beddings, manure, and transport containers 
(Frederick et al; 1999).  
1.3. Biological activities 
1.3.1. Haemagglutination (HA) activity 
        The ability of NDV to agglutinate RBCs is due to the binding of the 
haemagglutinin (HN) surface protein of the virus to receptors on the 
surface of RBCs. This property and the specific inhibition of 
agglutination by antisera have proven as powerful tool in the diagnosis of 
the disease (Burnet, 1942). NDV caused agglutination of all amphibians, 
reptilian, and avian RBCs (Lancaster, 1966). 
1.3.2. Neuraminidase activity 
        The enzyme neuraminidase (mucopolysccharide N-acetyl neural 
minyle hydrolase) is a part of HN molecule and presents in all members 
of the Paramyxovirus genus (Alexander, 1991). This enzyme causes 
elution of agglutinated RBCs (Ackerman, 1964). However, the function 
of the neuraminidase in virus replication is unknown (Alexander, 1991). 
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 1.4. Resistance to physicochemical agents 
          The infectivity of avian paramyxoviruses is inhibited by physical 
and chemical treatments such as heat, irradiation (including light and 
ultra violet rays ) ,oxidation processes, pH effects, and various chemical 
compounds(Alexander, 1991). The rate at which infectivity is inhibited 
depends on the strain of the virus, the nature of the suspending medium, 
and interactions between treatments (Alexander, 1991). 
1.5. Pathogenicity 
        The Pathogenicity of NDV strains varies greatly with the infected host 
(Higgins, 1971).Chickens are highly susceptible, but ducks and geese may 
be infected and show few or no clinical signs, even with strains lethal for 
chickens (Higgins, 1971). 
         In chickens the pathogenicity of NDV is determined chiefly by the 
strain of the virus, although dose, route of administration, age of the 
chickens and environmental conditions all have an effect (Alexander,1991). 
In general, the younger chicken the more acute the disease. With virulent 
viruses in the field, young chicken may experience sudden death without 
major clinical signs, while in older birds the disease may be more 
protracted and with characteristic clinical signs (Alexander, 1991). Breed 
or genetic constitution of the birds appears to have very little effect on the 
susceptibility of chickens to the disease (Cole and Hutt, 1961). Natural 
routes of infection (nasal, oral, and ocular) appear to emphasize the 
respiratory nature of the disease (Beard and Easterday,1967) while 
intramuscular (I\M), intravenous (I\V) and intracerebral (I\C) routes appear 
to enhance the neurological signs (Beard and Hanson, 1984). 
1.5.1. Pathogenicity tests 
1.5.1.1. Mean death time (MDT) in eggs 
         This involves inoculation of at least five 9-10 day-old embryonated 
fowl eggs from a specific pathogen-free source at each dilution in a 10- 
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fold series and calculating the mean time for the embryos to die at the 
highest dilution at which 100% mortality is recorded. The MDT has been 
used to group NDV strains and isolates into three categories: velogenic ( 
MDT less than 60 hours), mesogenic (MDT 61-90 hours) and lentogenic 
(MDT greater than 90 hours (Alexander, 1990). 
1.5.1.2. Intracerebral Pathogenicity index (ICPI) in day-old 
chicks 
          This involves the inoculation of virus derived from fresh infectious 
allantoic fluids in the brain of ten one-day-old chicks from specific 
pathogen free source. Each bird is examined at 24 hours intervals for 8 
days and scored: zero if normal, one if sick and two if dead. The index is 
the mean score per bird per observation over the 8-day period. The most 
virulent viruses give ICPI values approaching the maximum score of 2.0, 
while lentogenic viruses give values close to 0.0 (Alexander, 1990). 
1.5.1.3. Intravenous Pathogenicity index (IVPI) in 6-week-old 
chickens 
           This test involves the intravenous inoculation of the virus derived 
from fresh infectious allantoic fluid into ten- 6-week-old specific pathogen-
free chickens. Each bird is examined at 24 hours intervals for 10 days and 
scored: zero if normal, one if sick, two if paralyzed and three if dead. The 
index is the mean score per bird per observation over the 10 days period. 
The most virulent viruses give IVPI values approaching 2.0 and 3.0 while 
lentogenic and most mesogenic viruses will have IVPI values of 0.0 
(Alexander, 1990). 
         Swabbing of the cloaca and conjunctiva of 8 weeks-old chickens with 
undiluted allantoic fluids has been substituted for the IVPI test (Hanson, 
1980).        
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1.6. Diagnosis 
1.6.1. Clinical signs 
         The disease produced following infection with NDV may vary 
considerably with the infecting virus. In addition, the species of birds, the 
immune status, age and conditions under which they are reared may also 
greatly affect the disease signs (Alexander, 1990). 
         The highly virulent viruses may produced peracute infection of 
chickens where the first indication of disease is sudden death. Typically, 
disease signs such as depression, prostration, diarrhea, oedema of the head 
and nervous signs may occur, with mortality reaching 100% (Alexander, 
1990). 
          Mesogenic viruses usually cause severe respiratory disease, followed 
by nervous signs, with mortality up to 50% or more. The low virulence 
viruses may cause no disease, or mild respiratory distress of a short time in 
chickens and turkeys (Alexander, 1990). 
1.6.2. Lesions 
         No gross lesions are pathognomonic for any of Newcastle disease 
(Alexander, 1990). 
          The presence of haemorrhagic lesions in intestine of infected 
chickens has been used to distinguish viscerotropic velogenic Newcastle 
disease viruses' neurotropic velogenic viruses (Hanson, 1980). 
          Generally, gross lesions are not observed in the CNS of birds 
infected with NDV, regardless of pathotypes (McCracken, 1988). 
          Viruses causing respiratory disease may induce inflammation of the 
trachea, often with haemorrhages present. The air sacs may also be 
inflamed and appear cloudy and congested (Alexander, 1990). 
1.6.3. Serological tests 
          NDV may be used as an antigen in a wide variety of serological tests, 
enabling neutralization or enzyme-linked immuno sorbent assays (ELISA) 
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to be used for diagnosis (Alexander, 1996). At present, the HI test is the 
most widely used. Chicken sera rarely give non specific positive reaction in 
this test and any pretreatment of the sera is unnecessary (Alexander, 1996). 
1.7. Virus isolation 
         Specimens taken for NDV isolation always include spleen, feces, 
intestinal contents or cloacal swabs and trachea or tracheal swabs. Other 
specimens taken from carcasses should reflect the clinical signs 
(Alexander, 1991). The transport of samples in a frozen or chilled state is 
very important in virus isolation (Gough, Alexander, Collins, Lister and 
Cox, 1988). Bone marrow may be a useful sample in countries where 
transport is slow, temperature high and refrigeration not available (Omojola 
and Hanson, 1986). 
          Embryonated fowls eggs at 8 to 10 days of age are the preferred 
method for the isolation of the samples in antibiotic solution should be 
inoculated into the allantoic cavity of a minimum of 5 eggs and held at 
37ºC until death of embryos or otherwise for 5 to 7 days. Eggs should be 
chilled at 4ºC and the amnioallantoic fluid (AAF) harvested and tested for 
Haemagglutination   of chicken RBCs (Jordan, 1990). HA activity in 
bacteria-free fluids may be due to any of the avian paramyxoviruses or 
orthomyxoviruses. NDV may be confirmed by a haemagglutination 
inhibition (HI) test using specific NDV antiserum. Some of the other avian 
Paramyxovirus serotypes show low-level cross relationships with NDV and 
may give low titers with NDV antiserum. This is most likely with viruses 
of the PMV-3 serotype which are often isolated from turkeys and birds held 
in quarantine. Use of adequate control sera can exclude any confusion 
(Jordan, 1990). 
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1.8. Immunity to NDV 
          Chicken infected with NDV produce antibodies (Abs) six to ten days 
after viral exposure, reaching a peak in three to four weeks (Yuan, 1999). 
Antibody production is rapid; Haemagglutination inhibiting Abs can be 
detected within four to six days of infection and persists for at least two 
years. 
          Maternal Abs protects for three to four weeks after hatching (Murphy 
et al.,1999). 
          Immunoglobulin (Ig) IgG, IgM, are confined to the circulation does 
not prevent respiratory infection, locally produced IgA Abs play an 
important role in protection in both respiratory tract and intestine (Murphy 
et al., 1999).  
1.9. The disease in Sudan  
          In the Sudan Newcastle disease was first reported in Khartoum in 
1951(Anon, 1950-1951).Since then the disease has been regularly 
mentioned in all report of Sudan Veterinary Services. Diagnosis was based 
on the picture of disease, but the virus was isolated and identified for the 
first time in 1962 (Karrar and Mustafa, 1964 and Eisa, 1974). According to 
Ballouh et al (1983), twelve of the Newcastle disease virus strains were 
isolated from the country during 1963-1979. Eight of them were velogenic 
and four were mesogenic (Ballouh et al., 1983). During the year 1984-
1985, four virus strains were isolated from outbreaks around Shambat 
village (Haroun et al, 1992). In another study, six strains were isolated 
from outbreaks in the country between 1988-1991. All isolates were similar 
in that they killed chicken embryos quickly in MDT, embryo lethal dose 
50(ELD50), had higher ICPI and characteristics of the viscerotropic 
velogenic strains of Newcastle disease virus (Khalafalla et al., 1992).  
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1.10. Prevention and control 
          Vaccination is the only effective way of controlling ND. However, 
vaccines currently in use are mainly of benefit to commercial poultry 
producers whose chickens are kept in large, single-age, confined flocks 
(Alders and Spradbrow, 2001). 
         Manufacturers produced heat-labile ND vaccines in multi-dose vials, 
often containing 1000 or 2500 doses, which must be kept cold (within a 
cold chain) from manufacture until administration to the chickens (Alders 
and Spradbrow, 2001). The control can be achieved by good hygiene 
combined with immunization, both live-virus vaccines containing naturally 
occurring lentogenic virus strains and inactivated virus (injectable oil 
emulsions) being commonly used. These vaccines are effective and safe 
and may be administered via drinking water or by aerosol or nostril 
droplets, or beak dipping. Laying hens are revaccinated every 4 month; 
protection against disease can be expected about a week after vaccination 
(Frederick et al., 1999).  
           National control policies are directed at prevention of introduction of 
the virus and prevention of its spread within the country (Alexander, 1991). 
To prevent the introduction of NDV, most countries have restrictions on 
trade in poultry products, eggs and live poultry; these vary greatly 
(Alexander, 1991). Some countries have adopted eradication policies with 
compulsory slaughter of infected birds and their contacts products 
(Alexander, 1991). Such policies usually include restrictions of movement or 
marketing of birds, prophylactic vaccination of birds even in the absence of 
outbreaks, while some have a policy of "ring vaccination" around outbreaks 
to establish a buffer zone including the conditions under which the birds are 
reared and the degree of biosecurity practiced at the farm. Control and 
prevention at the farm level, are possibly the most important factor in the 
preventing the introduction of NDV and its spread during outbreaks 
(Alexander, 1991).  
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1.11. Vaccination against Newcastle disease (ND) in Sudan 
          The first vaccination against ND in Sudan was performed in 1951 with 
a vaccine imported from South Africa (Anon, 1951-1952). In 1958, a wet 
live vaccine containing the Muketeswar strain (mesogenic) was used after 
severe outbreak of ND in Khartoum (Ali, 1978). Komarov (K) strain 
(mesogenic) was obtained from Lebanon in 1962 and  propagated in chicken 
embryos to produce a freeze-dried vaccine at the Central Veterinary 
Research Laboratory(CVRL)( Ali ,1978).This vaccine was  issued for use in 
1963(Fadol,1991).The HI test and challenge were used to assess the immune 
response of vaccinated chickens. The vaccine was recommended to be given 
by the I\N route to four –week old chicken and repeated at the point of lay 
(Ali, 1978). Further investigation showed that the time for first vaccination 
could be at three weeks of age when the maternally derived antibody titre 
decreases to below 3Iog2(Haroun and Hajer,1989).In another investigation  
to modify the NDV vaccination programmed in Sudan, the F strain   was 
suggested for early vaccination of 1-7 day old chicks (Mahasin et al .,1980). 
Tabidi, Mahasin, and Kheir (1998) using K vaccine found that the aerosol 
route gave higher antibody titer compared with other routes.  
1.12. Newcastle disease virus vaccines 
1.12.1. Live vaccines 
       Newcastle disease live vaccines are divided into two groups: 
Lentogenic and mesogenic vaccines (Palya and Rweyemamu, 1991). 
1.12.1.1. Lentogenic strain vaccines 
         Within this group there is considerable range in virulence. Examples 
of these vaccines are LaSota (Asplin), Hitchner B1, V4 and I2 avirulent 
thermostable strains (Alexander, 1991, Tu, Phuc, Dinh, Quoc and 
Spradbrow, 1998). 
          The most common method of application for live lentogenic vaccines 
used worldwide is via the drinking water (DrW), I\N, eye dropping (I/O) and 
beak dipping (BD) routes (Alexander, 1991).The application of live vaccines 
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by sprays and aerosols is also very popular due to the ease with which large 
numbers of birds can be vaccinated in a short time (Alexander,1991). 
1.12.1.2. The Mesogenic strains vaccines 
          The mesogenic strain vaccines are suitable only for secondary 
vaccination of birds due to their greater virulence. Examples of these are 
Muketeswar, K and Roakin strains. They usually require inoculation by wing 
–web (WW) stabbing or I\M injection (Alexander, 1991). 
1.12.2. Inactivated vaccines 
           Inactivated vaccines are usually produced from infective AF treated 
with betapropiolactone or formalin to kill the virus and mixed with a carrier 
adjuvant such as aluminum hydroxide or mineral oil (Cross, 1988). 
1.12.3. Thermostable vaccines 
          Thermostable vaccines are those which are resistant to high 
temperatures. Examples of them are the non-pathogenic Australian viruses 
V4, I2 and northern Ireland Ulstar 2C (Hanson and Spalatin, 1978).  
       The main advantages of thermostable vaccines are: 
1-Thermostability; they have the possibility of reaching sites beyond the cold 
chain in a viable state. 
2-Ease of administration: they can be applied by the farmers at the village 
level. 
3- They can spread from vaccinated to non-vaccinated chickens in close 
contact (Alders and Spradbrow, 2000). 
1.12.3.1. V4 and I2 vaccination trials 
           The first thermostable strain of NDV selected specifically for use as a 
vaccine was probably the V4 variant selected in 1979 (Spradbrow, 1993). 
          The Australian Centre for International Agricultural Research 
(ACIAR) funded the development of a new thermostable NDV vaccine, 
similar to V4 vaccines. Scientists at ACIAR examined 42 contemporary 
isolates of NDV in Australia, all of which are avirulent (Similar to V4) but 
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varied in antigenicity and ability to spread. A stock of the new vaccine strain 
I2 was produced in eggs from minimal disease flock. This vaccine has been 
proved to be thermostable and antigenic in Australia, and protective in most 
developing countries in Asia such as Indonesia, Pakistan and Vietnam 
(Spradbrow et al; 1997). According to Spradbrow (1992), the best way of 
controlling NDV in small family flocks in Asian countries was to administer 
the thermostable live vaccine such as V4 orally. However, in African 
countries such as Tanzania, Gambia, Ethiopia, Zimbabwe and Mozambique 
the vaccine delivered by eye drop offers the best and most reliable protection 
at population level (Antia, 1999; Alders and Fringe, 1998; Spradbrow et al; 
1997). Alders, Inoue and Katongo (1994) compared Hitchner B1 and V4 
vaccines for control of ND in village chickens in Zambia using the I/N route. 
They found that vaccination with V4 gave slightly high HI titre than 
vaccination with B1. 
         The Australian I2 strain of NDV was tested as vaccine in the laboratory 
and in village in Vietnam (Tu-et al., 1998). The infectivity titre of 
lyophilized vaccine fell less than one log10 unit on storage for 6 days 26-32 
oC and induced high levels of immunity in chickens after storage for 17 days 
in laboratory chickens and in 21 days in village chickens. The vaccine 
protects for at least 24 weeks after vaccination using eye drop method and 16 
weeks after application in drinking water laboratory conditions. The vaccine 
was found to be suitable for use under village conditions (Tu et al; 1998). 
        In Tanzania Foster et al (1997) vaccinated 4 groups of chickens at 
monthly intervals using the eye drop method. The first dose was given for all 
groups followed by three vaccinations by eye drop, in drinking water or 
food, and the fourth group was left unvaccinated. Antibody titre indicative of 
protection were present in 79%; 70%, 37%; 9% respectively (Foster et al; 
1997). Anita (1999) found that vaccination via I/O with V4 and I2 vaccine 
gave full protection in laboratory trails, but feed based vaccine gave about 
30% to 40% protection after two vaccinations but after six vaccinations gave 
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80% protection. Anita (1999) found that V4 and I2 vaccine delivered through 
drinking water gave better response than V4 and I2 vaccine delivered on feed. 
An experimental vaccine containing the avirulent Australian V4 strain of 
Newcastle disease virus was used to vaccinate three-or 6-week-old chickens 
by aerosol and drinking water application. The chickens lacked maternally 
derived antibody to Newcastle disease virus. When the vaccine virus was 
diluted in tap water more than 90% of the infectivity was destroyed 
immediately. The addition of 0.25% skim milk prevented this loss and there 
was no loss in distilled water. Rates of inactivation at 37 oC were similar in 
tap water and distilled water and were unaffected by the addition of skim 
milk. Both methods of vaccination resulted in the production of 
haemagglutination-inhibition antibodies which persisted for at least 8 to 12 
weeks. The antibody response to aerosol vaccination was significantly better 
than that following drinking water vaccination(Kim and Spradbrow,1978). 
An Australian strain of Newcastle disease virus, was evaluated for used as a 
vaccine following its administration by drinking water, aerosol and spray to 
chickens at 1 and 21 days of age. Haemagglutination inhibition antibody was 
produced and persisted for 11 weeks. Aerosol vaccination induced higher 
levels of haemagglutination inhibition antibody than the other methods of 
vaccination. No respiratory disease was observed following vaccination. 
Chickens vaccinated by aerosol and spray were fully protected when 
challenged at 5, 7 and 11 weeks of age with virulent Newcastle disease virus. 
Mortality of 10 to 30 per cent was observed in chickens vaccinated by 
drinking water and intranasally following challenge (Ibrahim et al., 1981). 
1.12.4. Thermolabile vaccines 
1.12.4.1.LaSota vaccine trials 
        Comparative studies in Bulgaria were carried out on the effect of the 
vaccination of broilers against Newcastle disease with LaSota strain through 
the single application in the drinking water on the 21st day and the newly 
introduced vaccination at the age of four days, using the spray method, as 
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well as the combined method--spray vaccination on the fourth day and 
giving the vaccine twice on the 21st day. It was found that the last method 
confers better immunity and higher immunity against the disease as 
compared to offering the vaccine only once on the 21st day(Semov,et al 
1976). In Bulgaria chickens were immunized against Newcastle disease with 
live vaccines Hitchner B1 and La Sota by the spray method with particles of 
50--100 micron and by aerosols with particles of 17--20 microns. 
Vaccinations were made under experiment and production conditions with 
chickens aged 5, 10 and 15 days. Vaccination of 5 and 10-day-old chickens 
was not always successful which necessitated their revaccinations. It was 
found that spray reimmunization with flocks or aerosol one with Atomist 
enhance antibody titre and resistance degree sufficiently for prophylactic 
purposes. The aerosol method is more efficacious than the spray method; 
under production conditions, it is more effective and readily applicable. 
Single immunization of 15-day-old chickens after both methods is effective 
and increases chicken immunity to the end of the fattening period (Runtev 
and Sizov, 1980). Two schemes of vaccination against Newcastle disease (A 
and B) were tested on broiler-chickens and two schemes (C and D), on 
parent form birds. Vaccine of the La Sota strain was used for the broilers and 
was administered twice at differing age after the spray method. For the 
parent birds La Sota strain vaccine was used also--twice after the spray 
method, plus a vaccine of the strain Komarov--twice intramuscularly and as 
aerosol (scheme C) and the vaccine strain La Sota spray and aerosol alone 
(scheme D). Immunity induced in birds after immunization was followed 
serologically by the titre of serum antihaemaglutinins and by provocation 
with a highly virulent Newcastle disease virus strain. The 4 schemes of 
immunization tested comparatively ensure solid immunity of birds to 
Newcastle disease. Better production index results were obtained from 
broiler chickens vaccinated after scheme B and parental form birds 
vaccinated after scheme C (Khadzhier et al., 1979). Two types of locally 
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produced live vaccines (HB1 and La Sota – lentogenic strains) and 
inactivated oil adjuvant (IOAV) vaccine were used to compare the efficiency 
of three vaccination techniques, namely drinking water, ocular and spray on 
broiler chicks. The ocular route of vaccination on one-day-old chicks 
followed by a booster dose on the third week through the same route induced 
a significantly higher level of haemagglutination inhibition antibody titre. 
The highest mean antibody titre was log2 6.6 and 93.3% of the chicks were 
protected from the challenge. The spray technique induced a lower antibody 
titre (peak of log2 5.9) and only 53% of the chicks in this treatment survived 
against the challenge. The results of this study show that the ocular route is 
superior to the drinking water route, which is superior to the spray technique. 
The economic analysis result showed that the ocular HB1 and La Sota 
vaccine administration method to 1- and 21-day-old chicks gave the highest 
revenue followed by the drinking water method. In terms of total cost, the 
injection method required the highest cost (0.21 birr/chick) followed by the 
ocular method (0.18 birr/chick). The marginal cost of vaccine administration 
is too small compared with marginal revenues from relative effectiveness of 
the methods. The internal rate of return for the ocular method was very high. 
The results of sensitive analysis on revenues from different vaccination 
methods indicate that a 25% reduction in broiler price reduces the marginal 
revenue from the ocular method by 12 487 birr but this still does not prove 
that the ocular method is economically viable for small- and medium-scale 
poultry farms (Degefa et al., 2004). 
1.13. Dongla strains 
        Three NDV isolates were obtained from cloacal swabs collected from 
chicken floucks around Dongla city. The isolates were designated as Dongla 
88|1, Dongla 88\2 and Dongla 88\3. The binding pattern of Dongla 88\1 
isolate in monoclonal antibody test was similar to that of the lentogenic 
strains of NDV and this isolate has been placed in group "E" of 
paramyxoviruses ( Khalafalla, 1994).      
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          These isolates were considered to be lentogenic strains, since they 
have all the characteristics of lentogenic strains and are grouped in (E) group 
of paramyxoviruses in close relation to LaSota strain (Khalafalla, 1994). 
1.14. Thermostability of haemagglutinin of NDV 
         In early studies the virulence of the virus appeared to be related to the 
thermostability of the haemagglutinin for chickens, since the haemagglutinin 
of a representative group of virulent strains resisted heating at 56 oC for 30 to 
120 minutes whereas haemagglutinins of representative group of a virulent 
strains were inactivated in 5 minutes or less (Hanson and Spalatin, 1978). 
Haemagglutination (HA) test was employed to determine the stability of HA 
titers of Hitchner – B1 , LaSota (L) and Komarov (K) strains of Newcastle 
Disease Vaccine at 36 oc. The temperature treatment method was through 
incubation (in water bath) of the reconstituted vaccines at selected 
temperature and sequential sampling of each vaccine vial for the 
determination of pre – and post – temperature exposure HA titers. Thus, on 
the basis of a two-step (2log2) decline in titer as evidence of loss of stability 
of HA titers (LST), the LST therefore, occurred at 50th, 24th and 95th hour 
for BI, L and K strains, respectively, post – temperature exposure. The data, 
therefore, showed that the NDV – K strain was the most stable at the test 
temperature. It is believed that the findings will enhance the understanding of 
the potential of this strain in the developed and application of a thermostable 
MDV target on village poultry (Nssien et al., 2002). 
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CHAPTER TWO  
MATERALS AND METHODS 
2.1. Preparation and sterilization of glassware 
    Glassware like beakers, flasks, pipettes, centrifuge tubes, bijou bottles, 
measuring cylinders were boiled in water with a detergent for 20 minutes and 
rinsed in running water five times to remove detergent completely. 
Dissecting equipments like forceps, scissors and scalpel handlers were 
sterilized after washing by dry heat at 180co for 30 minutes. Microtitre plates 
were sterilized by putting portion of detergent as potassium dichromate on 
the wells, then in the following day, they were rinsed in tap water and soaked 
and then rinsed in three changes of distilled water(DW) and left to dry at 
room temperature. 
Droper(Gentadar),50 drop/1 ml. Spray machine(BIRCFMEICR), 
course spray, 30x40 cm area of spray. 
2.2. Virus strains 
2.2.1. LaSota strain 
LaSota vaccine strain was a vaccinal strain (INTERVET, Holland) 
produced as freeze-dried ampoules of 1000 dose. It was used in the present 
study for vaccination of chickens, infectivity and thermostability. 
2.2.2. I2 strain 
         Live NDV vaccine containing the lentogenic thermostable I2 strain was 
propagated at the Central Veterinary Research Laboratory (CVRL) from 
freeze-dried ampoules containing I2 seed virus originally isolated  in 
Australian Center for International Agriculture Research (ACIAR). It was 
used in the present study for vaccination of chickens, infectivity and 
thermostability. 
2.2.3. Dongola 88/1 strain 
         This local isolate of lentogenic NDV was isolated by Khalafalla in 
1988 from apparently healthy chickens in Dongola city of Northern Sudan 
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(Khalafalla, 1994). It was used in this study in order to compare Dongola 
strain with the commercial LaSota strain and I2 strain in infectivity, 
immunogenecity and thermostability.     
2.3. Chicken Embryonated eggs 
Chick embryos were obtained from the poultry farm of the Department 
of Microbiology, Faculty of Veterinary Medicine University of Khartoum 
and were incubated in the incubator at 37 oC. 
2.4. Inoculation of embryonated eggs 
The working seed and  the experimental batch of Dongola vaccine and 
I2 vaccine were prepared by inoculation of 9-11 day-old chicken 
embryonated eggs. Embryonated eggs were candled before inoculation in a 
dark room to check for embryo viability. A line was marked around the 
airsac and across was made 2-4 mm over the airsac with a pencil. Eggs were 
then swabbed with 70% alcohol and a pore was made on the cross. Eggs 
were then inoculated by allantoic route with sterile disposable 1 ml syringes. 
Each egg received 0.1 ml of the inoculum and the pores were sealed with 
melted paraffin wax. Eggs were then incubated at 37 oC and candled daily to 
check for embryo death for five days. Embryo death during 24 hours of 
inoculation was considered as non-specific and discarded. At day five post 
inoculation (pi),all eggs were chilled at 4 oC for at least two hours and the 
allantoic fluid (AF) aseptically collected into sterile vials. 
2.5. Preparation of Dongola vaccine 
2.5.1. Master seed 
One ampoule of the freeze-dried Dongola 88/1 isolate was 
reconstituted by sterile DW, centrifuged at 1500 rpm/10 min and inoculated 
into embryonated eggs of 9-11 days old by allantoic route. Passage of virus 
was done 4 times. 1 ml of passage 4 was diluted to 1/10 in PBS and 
inoculated in embryonated eggs via allantoic route. At day five post 
 38
inoculation (pi), all eggs were chilled at 4 oC for at least two hours and the 
allantoic fluid (AF) aseptically collected. 
Harvest of each egg was tested for HA, identified by HI test and stored 
in 1.5 ml  Eppendorf tube at -20 oC as the master seed. 
2.5.2. Working seed  
1ml of master seed was diluted to 1/100 and inoculated in 
embryonated eggs of 9-11 days old by the allantoic route with dose of 
0.1ml/egg. At day 5 pi, all eggs were chilled at 4 oC for at least two hours and 
the allantoic fluid aseptically collected and harvest of each egg tested for HA 
and stored in 1.5ml Eppendrof tubes at -20 oC as the working seed.  
2.5.3. Experimental batch of the vaccine 
Embryonated eggs were inoculated with dose of 0.1 ml/egg of 
working seed and allantoic fluids (AFs) were harvested and stored in 
eppendorf tubes at -20 oC.  
Each batch of the vaccine was tested for sterility and freedom from 
contamination by inoculating a portion of the vaccine onto nutrient Agar. 
2.6. Titration of the three virus strains 
Ten –fold serial dilutions of the viruses' suspensions were prepared in 
normal saline and each dilution inoculated into five 9-11 day-old chicken 
embryos via the allantoic route with 0.1 ml volume. Embryonated eggs were 
candled daily. The allantoic fluid was harvested on day 4-5 and tested for 
virus growth by HA test. The titre was then calculated using the method of 
Reed and Muench (1938). 
2.7. Experimental chicks 
A total of 100 male chicks of  BOVAN breed were used in this study. 
They were obtained as one-day-old chicks from Ayad Farm, Khartoum 
North. Chicks were divided into groups and reared in special metal cages till 
the required age. Experimental chicks were used in the present study to 
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determine the effect of route of administration and comparison of the three 
types of vaccines (Dongola, LaSota and I2). 
2.8. Collection of blood 
Chicks used in vaccination trials were sampled for blood by heart 
puncture or from the wing vein using  disposable syringes and then the blood 
was left overnight at room temperature to clot and then centrifuged at 1000 
rpm for 10 minutes. Separated serum samples were stored at -20 oC till used.  
2.9. Haemagglutination (HA) and Haemagglutination inhibition 
(HI) test     
2.9.1. Collection and preparation of RBCs     
Blood was collected from the wing vein of healthy 8-10 weeks-old 
chicken into equal volume of Alsever,s solution (Appendices7). The blood 
then clarified by centrifugation at 1000rmp for 10 minutes. The supernatant 
was discarded and equal volume of sterile phosphate buffer saline (PBS) 
(Appendices8) was added to pack RBCs and then centrifuged at 1000rpm for 
10 minutes. This procedure was repeated three times and pack cells were 
then diluted to 1% for use in HA and HI tests. 
2.9.2. HA test procedure    
A volume of 0.025 ml of phosphate buffer saline (PBS) was dispensed 
into each well of U-bottomed microtitre plate. 
Two-fold serial dilutions of 0.025 ml volumes of the virus suspension 
were made across the plate. 
0.025 ml of 1% (v/v) chickens RBCs is dispensed to each well. 
The solution was mixed by tapping the plate gently. The RBCs were 
then allowed to settle for 30 minutes at room temperature. The HA titre was 
the reciprocal of the last dilution showing Haemagglutination.    
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2.9.3. Determination of Haemagglutination inhibition (HI) Test 
2.9.3.1. Preparation of 4HA unit (4HAU) of the virus 
HA test was performed on undiluted I2 or La Sota or Dongola virus 
suspension. The last well showing HA was considered 1HAU and 
accordingly, the 4HAU was calculated accurately from the initial range of 
dilutions. The virus suspension was then diluted to contain 4HAU per 0.025 
ml.        
2.9.3.2. Procedure of HI 
A volume of 0.025 ml of PBS was dispensed into each well of the U-
bottom microtitre plate.  Two fold serial dilutions of 0.025 ml volumes of the 
tested sera were made across the plate. 4HAU virus\antigen in 0.025 ml was 
added to each well and the plate was left for 30 minutes in room temperature 
for antigen/antibody reaction. 0.025 ml of 1% (v\v) chicken RBCs was added 
to each well and, after gentle mixing, the RBCs were allowed to settle for 40 
minutes at room temperature. The HI titre was the reciprocal of the last 
dilution showing complete inhibition haemagglutination.  
The HI titer was the highest dilution of serum causing complete 
inhibition of 4HAU of antigen. The agglutination was assessed by tilting the 
plates. Only those wells in which the RBCs stream at the same rate as the 
control wells (containing 0.025 ml RBCs and 0.025 ml PBS only) were 
considered. 
2.10. Experimental design of vaccination trials 
2.10.1. Effect of route of administration 
100 chicks of two-weeks old were divided into ten groups of ten 
chicks each. Chicks in A1,A2 and A3 groups were vaccinated by intranasal 
drop (I/N), spray and drinking water route, respectively using Dongola strain. 
B1,B2 and B3 groups were vaccinated by intranasal drop (I/N), spray 
and drinking water route, respectively using LaSota strain. 
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C1,C2 and C3 groups were vaccinated by intranasal drop (I/N), spray 
and drinking water route, respectively using I2 strain. 
Each chick in the above groups received the recommended dose of 
vaccine (106 EID50%). 
The last group (D) was left unvaccinated to serve as control group. 
The mean separations were performed using Ryan-Einot-Gabriel-
Welsch Multiple Q test (Day and Quinn,1989). 
2.11. Thermostability test procedure 
 Thermostability of haemagglutinin of Newcastle disease virus strains 
(Dongola, I2 and La Sota strain) was done by putting 0.5 ml portions of 
undiluted allantoic fluid in sealed glass vials and then the vials were heated 
in water bath at 56 oC for selected periods (5 minutes, 10minutes, 15 
minutes, 30 minute, 60 minutes and 120 minutes), then the haemagglutinin 
of contents was determined by Haemagglutination test described above. 
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CHAPTER THREE 
RESULTS 
3.1. Infectivity of LaSota, I2 and Dongola strains 
 The embryo infective dose 50 (EID50) of LaSota strain was found to 
be 109.1 ml (Table 1), EID50 of I2 strain was found to be 108.7 ml (Table 2) 
and EID50 of Dongola strain was found to be 109.2 ml (Table 3). 
Figure 1 shows comparison between Dongola, LaSota and I-2 strains 
in infectivity. 
3.2. The experimental batch of Dongola and I2 vaccines 
 Volumes of approximately100ml of Dongola and I2 vaccines were 
prepared from working seed in embryonated eggs. The viruses 
haemagglutinated chicken RBCs in HA test to titre of 10 log2(Dongola 
strain) and 8 log2(I2 strain).  
Each batch of the vaccine was found to be free from contamination 
with bacteria or fungi. 
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Table 1:  
Titration of LaSota strain according to the method of Reed and Muench 
(1938) 
 
Accumulative total 
Virus 
dilution 
Number 
of eggs 
Infective 
rate 
infected Not 
infected 
+ve  
response
Not 
infected 
total 
Infectivity 
rate 
% 
infectivity
 10-5    5 5/5 5 0 23 0 23/23 100 
 10-6 5 5/5 5 0 18 0 18/18 100 
 10-7 5 4/5 4 1 13 1 13/14 93 
 10-8 5 3/5 3 2 9 3 9/12 75 
  10-9 5 3/5 3 2 6 5 6/11 55 
  10-10 5 2/5 2 3 3 8 3/11 27 
  10-11   5 1/5 1 4 1 12 1/13 7 
  10-12 5 0/5 0 5 0 17 0/17 0 
 
 
 
Proportionate distance  
                                                    =   55 – 50 =  5 =0.17 
                                                         55 – 27     28 
 
 
 
The embryo infective dose 50(EID50) of LaSota strain was109.17 per 0.1 ml. 
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Table 2:  
Titration of I2 strain according to the method of Reed and Muench (1938). 
                                                                       
Accumulative total 
Virus 
dilution 
Number 
of eggs 
Infective 
rate 
infected Not 
infected
+ve 
response
Not 
infected 
total 
Infectivity 
rate 
% 
infectivity 
10-5 5 5/5 5 0 21 0 21/21 100 
10-6 5 4/5 4 1 16 1 16/17 94 
10-7 5 3/5 3 2 12 3 12/15 80 
10-8 5 3/5 3 2 9 5 9/14 64 
10-9 5 3/5 3 2 6 7 6/13 46 
10-10 5 2/5 2 3 3 10 3/13 23 
10-11 5 1/5 1 4 1 14 1/15 6 
10-12 5 0 0 5 0 19 0/19 0 
 
 
Proportionate distance =  
                                                  
                                                    =   64 – 50 =  14 =0.78 
                                                         64 – 46    18 
 
The embryo infective dose 50(EID50) for I2 was 108.78 per 0.1 ml. 
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Table 3: 
 Titration of Dongola strain according to the method of Reed and Muench 
(1938). 
 
                                                    Accumulative   Total 
Virus 
dilution 
Number 
of eggs 
Infective 
rate 
infected Not 
infected
+ve 
response
Not 
infected 
total 
Infectivity 
rate 
% 
infectivity 
10-5 5 5/5 5 0 24 0 24/24 100 
10-6 5 5/5 5 0 19 0 19/19 100 
10-7 5 4/5 4 1 14 1 14/15 93 
10-8 5 4/5 4 1 10 2 10/12 83 
10-9 5 3/5 3 2 6 4 6/10 60 
10-10 5 2/5 2 3 3 7 3/10 30 
10-11 5 1/5 1 4 1 11 1/11 9 
10-12 5 0 0 5 0 16 0/16 0 
 
 
 
 
Proportionate distance  
                                                    =   60 – 50 =  10 =0.27 
                                                         66 – 30     36 
 
 
 
 
The embryo infective dose50(EID50) of Dongola virus was109.27 per 0.1 ml. 
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Figure 1: 
Comparison between Dongola, LaSota and I-2 strains in infectivity. 
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3.3. Experimental vaccination trails 
3.3. 1. Effect of route of administration 
3.3. 1.1. Drinking water (DW) route 
 The mean HI Ab titre of two-week old chicks vaccinated with Dongola 
strain by drinking water route and after five weeks post vaccination (pv) (1st-
week (pv),2nd-week (pv),3rd-week (pv),4th-week (pv) and 5th-week (pv)) was 
3.5, 4.2, 4.5, 3.5 and 2.5 log2, respectively and control were 2.2, 1.9, 1.5, 1.3, 
and 0.9 log2. (Table 4). 
 Figure 2 shows the development of immune response as determined by 
HI test of two-week old chicks vaccinated with Dongola strain using drinking 
water route. 
 The mean HI Ab titre of two-week old chicks vaccinated with LaSota strain by 
drinking water route and after five weeks post vaccination (pv) (1st-week (pv), 
2nd-week (pv), 3rd-week (pv), 4th-week (pv) and 5th-week (pv))  was 3.3, 4.3, 4.5 
, 3.1 and 2.4 log2, respectively  and control were 2.2, 1.9, 1.5, 1.3, and 0.9 log2. 
(Table 5). 
 Figure 3 shows the development of immune response as determined by 
HI test of two-week old chicks vaccinated with LaSota strain using drinking 
water route. 
 The mean HI Ab titre of two-week old chicks vaccinated with I2 strain 
by drinking water route and after five weeks post vaccination (pv) (1st-week 
(pv), 2nd-week (pv), 3rd-week (pv), 4th-week (pv) and 5th-week (pv)) was 3.2, 
3.5 , 3.9, 2.8 and 2.3 log2, respectively and control were 2.2, 1.9, 1.5, 1.3, and 
0.9 log2. (Table 6). 
 Figure 4 shows the development of immune response as determined by 
HI test of two-week old chicks vaccinated with I2 strain using drinking water 
route. 
 Table 7 compares the HI ab titre of the three strains (Dongola, LaSota 
and I2) using drinking water route. 
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 Figure 5 shows the development of immune response as determined by 
HI test of two-week old chicks vaccinated with (Dongola, LaSota and I2 strain) 
using drinking water route. 
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Table 4: 
 The HI-Ab titre of tow-weeks old chicks vaccinated with Dongola strain by drinking water(DW) route. 
                                                             
                                                                  HI titre (log2) 
 
Two-weeks 
old(just before 
vaccination) 
First week after vaccination 2 nd week after 
vaccination  
3rd week after 
vaccination 
4th week after 
vaccination 
5th week after vaccination 
Chick 
xHI 
Mean± 
SE 
  
Vaccin
ated 
chicks 
Mean± 
SE 
Contro
l  
Mean±  
SE 
Vaccin
ated  
chicks 
Mean 
±SE 
control Mea
n±   
SE 
Vaccin
ated 
chicks 
Mea
n 
±SE 
control Mea
n  
±SE 
Vacc
inate
d 
chick
s 
Mea
n±  
SE 
contr
ol 
Mean 
± SE 
Vaccinat
ed 
chicks 
Mean ± 
SE 
cont
rol 
Mean 
± SE 
1x1 
7x2 
2x3 
2.2 ± 
0.32 
2x2 
4x3 
4x4 
3.5±0.
50  
3x1 
6x2 
1x3 
1.9±
0.51 
2x3 
7x4 
1x5 
4.2±
0.20 
1x0 
4x1 
5x2 
 
1.5
±0.
20 
2x3 
6x4 
2x5 
4.5
±0.
32 
1x0 
7x1 
2x2 
 
1.3
±0.
11 
2x3 
1x4 
 
3.5
±.2
0 
1x0 
2x1 
0.9±
0.14 
2x2 
1x3 
2.5±0.1
1 
2x0 
1x1 
0.5±
0.40 
Means (±SE) with the same letters in each column according to Rayan Q test.*  
       *SE Stander error 
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Figure 2: 
 The HI-Ab titre of tow-weeks old chicks vaccinated with Dongola strain by drinking water(DW) route. 
                                                             
                                                                  HI titre (log2) 
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Table 5: 
 The HI-Ab titre of tow-weeks old chicks vaccinated with LaSota strain by drinking water(DW) route. 
                                                             
                                                                  HI titre (log2) 
 
Two-weeks old(just 
before vaccination) 
First week after vaccination 2 nd week after 
vaccination  
3rd week after 
vaccination 
4th week after 
vaccination 
5th week after 
vaccination 
Chick 
xHI 
Mean 
± SE 
  
Vaccinat
ed chicks 
Mean 
± 
 SE 
Control  Mean  
± SE 
Vaccin
ated  
chicks 
Mea
n ± 
SE 
contr
ol 
Mea
n ± 
SE 
Vacc
inate
d 
chic
ks 
Mea
n 
± SE 
contr
ol 
Mea
n±  
SE 
Vacc
inate
d 
chic
ks 
Mea
n ± 
SE 
contr
ol 
Mea
n ± 
SE 
Vacci
nated 
chick
s 
Mean 
± SE 
contro
l 
Mean 
± SE 
1x1 
7x2 
2x3 
2.2± 
0.35 
2x2 
5x3 
3x4 
3.3± 
0.35 
3x1 
6x2 
1x3 
1.9±0.
51 
5x3 
4x4 
1x5 
4.3
±0.
41 
1x0 
4x1 
5x2 
 
1.5
±0.
20 
3x3 
6x4 
1x5 
4.5
±0.
31 
1x0 
7x1 
2x2 
 
1.3
±0.
11 
1x2 
2x3 
3.1
±0.
50 
1x0 
2x1 
0.9
±0.
14 
1x3 
2x2 
2.4±
0.61 
2x0 
1x1 
0.5±
40 
Means (±SE) with the same letters in each column according to Rayan Q test.* 
         *SE Stander error. 
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Figure 3: 
 The HI-Ab titre of tow-weeks old chicks vaccinated with LaSota strain by drinking water(DW) route. 
                                                             
                                                                  HI titre (log2) 
 
Hi-titre 
0
0.5
1
1.5
2
2.5
3
3.5
4
4.5
5
1st week 2nd week 3rd week 4th week 5th week
LaSota strain by
water drinking
route
control
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Table 6: 
 The HI-Ab titre of tow-weeks old chicks vaccinated with I2 strain by drinking water(DW) route. 
                                                             
                                                                  HI titre (log2) 
 
Two-weeks 
old(just 
before 
vaccination) 
First week after 
vaccination 
2 nd week after 
vaccination  
3rd week after vaccination 4th week after vaccination 5th week after 
vaccination 
Chick 
xHI 
Mean
± SE 
  
Vacci
nated 
chicks 
Mea
n± 
SE 
Control  Mean 
± SE 
Vacci
nated  
chicks 
Mean 
± SE 
control Mean 
± SE 
Vacci
nated 
chicks 
Mean 
± SE 
control Mean 
± SE 
Vacci
nated 
chicks 
Mean 
± SE 
control Mean 
±SE 
Vacci
nated 
chicks 
Mean 
± SE 
control Mean ±SE 
1x1 
7x2 
2x3 
2.2±
0.35 
1x2 
6x3 
3x4 
3.2
±0.
50 
3x1 
6x2 
1x3 
1.9±
0.51 
6x3 
3x4 
1x5 
 
3.5±
0.12 
1x0 
4x1 
5x2 
1.5±
0.20 
2x3 
6x4 
2x5 
3.9±
0.25 
1x0 
7x1 
2x2 
 
1.3±
0.11 
1x2 
2x3 
2.8±
0.20 
1x0 
2x1 
 
0.9±
0.14 
1x3 
2x2 
2.3±
0.64 
1x0 
2x1 
0.9±0.
14 
 
 
Means (±SE) with the same letters in each column according to Rayan Q test.* 
*SE: Stander error. 
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Figure 4: 
 The HI-Ab titre of tow-weeks old chicks vaccinated with I2 strain by drinking water(DW) route. 
                                                             
                                                                  HI titre (log2) 
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Table 7:  
The HI-Ab titre of  two-weeks old chicks vaccinated with (LaSota, I2 and Dongola strains)  by Drinking Water route. 
 
stain Two-weeks old 
(just before 
vaccination) 
first-weeks (post 
vaccination) 
2nd-weeks (post 
vaccination)  
3rd-weeks (post 
vaccination)  
4th-weeks (post 
vaccination)  
5th-weeks (post 
vaccination) 
Chick 
xHI 
titre 
Mean 
± SE 
Chick 
xHI 
titre 
Mean ± SE Chick 
xHI 
titre 
Mean ± SE Chick 
xHI 
titre 
Mean ± SE Chick 
xHI 
titre 
Mean ± 
SE 
Chick 
xHI 
titre 
Mean ± 
SE 
LaSota 
stain 
1x1 
7x2 
2x3 
2.2 ± 
0.35 
2x2 
5x3 
3x4 
3.3±0.35 5x3 
4x4 
1x5 
4.3±0.41 3x3 
6x4 
1x5 
4.5±0.31 1x2 
2x3 
3.1±0.50 1x3 
2x2 
2.4±0.61 
I2 strain 1x1 
7x2 
2x3 
2.2 ± 
0.35 
1x2 
6x3 
3x4 
3.2±0.50 6x3 
3x4 
1x5 
 
3.5±0.12 2x3 
6x4 
2x5 
3.9±0.25 1x2 
2x3 
2.8±0.20 1x3 
2x2 
2.3±0.64 
Dongola 
strain 
1x1 
7x2 
2x3 
2.2 ± 
0.35 
2x2 
4x3 
4x4 
3.5±0.50 2x3 
7x4 
1x5 
4.2±0.20 2x3 
6x4 
2x5 
4.5±0.32 2x3 
1x4 
 
3.5±0.20 2x2 
1x3 
2.5±0.11 
Means (±SE) with the same letters in each column according to Rayan Q test.* 
*SE Stander error. 39 
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Figure 5:  
The HI-Ab titre of two-weeks old chicks vaccinated with (LaSota, I2 and Dongola strains)  by Drinking Water route. 
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3.3.2.1.2.Spray route 
 The mean HI Ab titre of two-week old chicks vaccinated with Dongola strain 
by spray route and after five weeks post vaccination (pv) was 3.7, 4.3, 4.7, 3.8 and 
2.8 log2 respectively and control were 2.2, 1.9, 1.5, 1.3, and 0.9 log2. (Table 8). 
         Figure 6 shows the development of immune response as determined by HI test 
of two-week old chicks vaccinated with Dongola strain using spray route. 
 The mean HI Ab titre of two-week old chicks vaccinated with LaSota strain by 
spray route and after five weeks post vaccination (pv)was 3.5, 4.5 , 4.8, 3.5 and 2.8 
log2 respectively and control were 2.2, 1.9, 1.5, 1.3, and 0.9 log2. (Table 9). 
         Figure 7 shows the development of immune response as determined by HI test 
of two-week old chicks vaccinated with LaSota strain using spray route. 
 The mean HI Ab titre of two-week old chicks vaccinated with I2 strain by 
spray route and after five weeks post vaccination (pv) was 3.4, 3.7, 4.2, 3.5 and 3 log2 
respectively and control were 2.2, 1.9, 1.5, 1.3, and 0.9 log2. (Table 10). 
        Figure 8 shows the development of immune response as determined by HI test 
of two-week old chicks vaccinated with I2 strain using spray route. 
       Table 11 compares the HI ab titre of the three strains (Dongola, LaSota and I2) 
using spray route. 
       Figure 9 shows the development of immune response as determined by HI test of 
two-week old chicks vaccinated with (Dongola, LaSota and I2 strain) using drinking 
water route. 
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Table 8:  
The HI-Ab titre of tow-weeks old chicks vaccinated with Dongola strain by spray route. 
                                                             
                                                                  HI titre (log2) 
 
 
Two-weeks 
old(just 
before 
vaccination) 
First week after 
vaccination 
2 nd week after 
vaccination  
3rd week after vaccination 4th week after vaccination 5th week after vaccination 
Chick 
xHI 
Mean
± SE 
  
Vacci
nated 
chicks 
Mea
n± 
SE 
Control  Mean 
± SE 
Vacci
nated  
chicks 
Mean 
+ SE 
control Mean 
± SE 
Vacci
nated 
chicks 
Mean 
± SE 
control Mean 
± SE 
Vacci
nated 
chicks 
Mean 
± SE 
control Mean 
± SE 
Vacci
nated 
chicks 
Mean 
± SE 
control Mean ± SE 
1x1 
7x2 
2x3 
2.2±
0.35 
1x2 
6x3 
3x4 
3.7
±0.
41 
3x1 
6x2 
1x3 
1.9±
0.51 
2x3 
6x4 
2x5 
4.3±
0.13 
1x0 
4x1 
5x2 
 
1.5±
0.20 
1x3 
5x4 
4x5 
4.7±
0.25 
1x0 
7x1 
2x2 
 
1.3±
0.11 
2x4 
1x3 
3.8±
0.12 
1x0 
2x1 
0.9±
0.14 
1x2 
2x3 
2.8±
0.11 
2x0 
1x1 
0.5±0.40 
 
Means (±SE) with the same letters in each column according to Rayan Q test.* 
*SE: Stander error. 
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Figure 6:  
The HI-Ab titre of tow-weeks old chicks vaccinated with Dongola strain by spray route. 
                                                             
                                                                  HI titre (log2) 
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Table 9: 
 The HI-Ab titre of tow-weeks old chicks vaccinated with LaSota strain by spray route. 
                                                             
                                                                  HI titre (log2) 
 
Two-weeks 
old(just 
before 
vaccination) 
First week after 
vaccination 
2 nd week after 
vaccination  
3rd week after vaccination 4th week after vaccination 5th week after vaccination 
Chick 
xHI 
Mean
± SE 
  
Vacci
nated 
chicks 
Mea
n± 
SE 
Control  Mean 
± SE 
Vacci
nated  
chicks 
Mean 
± SE 
control Mean 
± SE 
Vacci
nated 
chicks 
Mean 
± SE 
control Mean 
± SE 
Vacci
nated 
chicks 
Mean 
± SE 
control Mean 
± SE 
Vacci
nated 
chicks 
Mean 
± SE 
control Mean ± SE 
1x1 
7x2 
2x3 
2.2±
0.35 
1x2 
6x3 
3x4 
3.5
±0.
21 
3x1 
6x2 
1x3 
1.9±
0.51 
3x3 
6x4 
1x5 
4.5±
0.11 
1x0 
4x1 
5x2 
1.5±
0.20 
1x3 
5x4 
3x5 
1x6 
 
4.8±
0.52 
1x0 
7x1 
2x2 
 
1.3±
0.11 
1x4 
2x3 
3.5±
0.44 
1x0 
2x1 
0.9±
0.14 
1x2 
2x3 
2.8±
0.21 
2x0 
1x1 
0.5±40 
 
 
Means (±SE) with the same letters in each column according to Rayan Q test.* 
*SE: Stander error. 
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Figure 7: 
 The HI-Ab titre of tow-weeks old chicks vaccinated with LaSota strain by spray route. 
                                                             
                                                                  HI titre (log2) 
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Table 10:  
The HI-Ab titre of tow-weeks old chicks vaccinated with I2 strain by spray route. 
                                                             
                                                                  HI titre (log2) 
 
 
Two-weeks 
old(just 
before 
vaccination) 
First week after 
vaccination 
2 nd week after 
vaccination  
3rd week after vaccination 4th week after vaccination 5th week after vaccination 
Chick 
xHI 
Mean
± SE 
  
Vacci
nated 
chicks 
Mea
n± 
SE 
Control  Mean 
± SE 
Vacci
nated  
chicks 
Mean 
± SE 
control Mean 
± SE 
Vacci
nated 
chicks 
Mean 
± SE 
control Mean 
± SE 
Vacci
nated 
chicks 
Mean 
± SE 
control Mean 
± SE 
Vacci
nated 
chicks 
Mean 
± SE 
control Mean±SE 
1x1 
7x2 
2x3 
2.2±
0.35 
1x2 
5x3 
4x4 
3.4
±0.
23 
3x1 
6x2 
1x3 
1.9±
0.51 
3x3 
5x4 
2x5 
3.7±
0.13 
1x0 
4x1 
5x2 
1.5±
0.20 
1x3 
7x4 
2x5 
4.2±
0.11 
1x0 
7x1 
2x2 
 
1.3±
0.11 
1x4 
2x3 
3.5±
0.34 
1x0 
2x1 
 
0.9±
0.14 
3x3 3 1x0 
2x1 
 
0.9±0.14 
 
Means (±SE) with the same letters in each column according to Rayan Q test.* 
*SE: Stander error. 
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Figure 8:  
The HI-Ab titre of tow-weeks old chicks vaccinated with I2 strain by spray route. 
                                                             
                                                                  HI titre (log2) 
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Table 11: The HI-Ab titre of  two-weeks old chicks vaccinated with (LaSota, I2 and Dongola strains)  by spray route. 
 
 
stain Two-weeks old 
(just before 
vaccination) 
first-weeks (post 
vaccination) 
2nd-weeks (post 
vaccination)  
3rd-weeks (post 
vaccination)  
4th-weeks (post 
vaccination)  
5th-weeks (post 
vaccination) 
Chick 
xHI 
titre 
Mean ± 
SE 
Chick 
xHI 
titre 
Mean ± 
SE 
Chick 
xHI 
titre 
Mean ± 
SE  
Chick 
xHI 
titre 
Mean ± 
SE  
Chick 
xHI 
titre 
Mean ± SE Chick xHI 
titre 
Mean ± 
SE 
LaSota stain 
1x1 
7x2 
2x3 
2.2 ± 
0.35 
1x2 
6x3 
3x4 
3.5±0.21 3x3 
6x4 
1x5 
4.5±0.11 1x3 
5x4 
3x5 
1x6 
 
4.8±0.52 1x4 
2x3 
3.5±0.44 1x2 
2x3 
2.8±0.21 
I2 strain 1x1 
7x2 
2x3 
2.2 ± 
0.35 
1x2 
5x3 
4x4 
3.4±0.23 3x3 
5x4 
2x5 
3.7±0.13 1x3 
7x4 
2x5 
4.2±0.11 1x4 
2x3 
3.5±0.34 3x3 3 
Dongola strain 1x1 
7x2 
2x3 
2.2 ± 
0.35 
1x2 
6x3 
3x4 
3.7±0.41 2x3 
6x4 
2x5 
4.3±0.13 1x3 
5x4 
4x5 
4.7±0.25 2x4 
1x3 
3.8±0.12 1x2 
2x3 
2.8±0.11 
Means (±SE) with the same letters in each column 
according to Rayan Q test.* 
 65
Figure 9: 
 The HI-Ab titre of  two-weeks old chicks vaccinated with (LaSota, I2 and Dongola strains)  by spray route. 
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3.3.2.1.3.Inranasal drop route 
 The mean HI Ab titre of two-week old chicks vaccinated with Dongola strain 
by nasal drop route and after five weeks post vaccination (pv) (1st-week (pv), 2nd-
week (pv), 3rd-week (pv), 4th-week (pv) and 5th-week (pv)) was 3.8 , 4.8 , 5 , 3.5 and 
2.8 log2 respectively and control were  2.2, 1.9, 1.5, 1.3, and 0.9 log2. (Table 11). 
        Figure 10 shows the development of immune response as determined by HI test 
of two-week old chicks vaccinated with Dongola strain using intranasal route. 
         The mean HI Ab titre of two-week old chicks vaccinated with LaSota strain by 
nasal drop route and after five weeks post vaccination (pv) (1st-week (pv), 2nd-week 
(pv), 3rd-week (pv), 4th-week (pv) and 5th-week (pv)) was 3.7 , 4.6 , 4.9 , 3.8 and 2.7 
log2 respectively and control were 2.2, 1.9, 1.5, 1.3, and 0.9 log2. (Table 12). 
          Figure 11 shows the development of immune response as determined by HI 
test of two-week old chicks vaccinated with LaSota strain using intranasal route. 
 The mean HI Ab titre of two-week old chicks vaccinated with I2 strain by nasal 
drop route and after five weeks post vaccination (pv) (1st-week (pv), 2nd-week (pv), 
3rd-week (pv), 4th-week (pv) and 5th-week (pv))  was 3.6 , 3.8 , 4.4 , 3.5 and 3log2 
respectively and control were 2.2, 1.9, 1.5, 1.3, and 0.9 log2.   (Table 13). 
          Figure 12 shows the development of immune response as determined by HI 
test of two-week old chicks vaccinated with I2 strain using intranasal route. 
         Table 14 compares the HI ab titre of the three strains(Dongola, LaSota and I2) 
using intranasal route. 
         Figure 13 shows the development of immune response as determined by HI test 
of two-week old chicks vaccinated with (Dongola, LaSota and I2 strain) using 
intranasal route. 
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Table 12:  
The HI-Ab titre of tow-weeks old chicks vaccinated with Dongola strain by intranasal drop route. 
                                                             
                                                                  HI titre (log2) 
 
Two-weeks 
old(just 
before 
vaccination) 
First week after 
vaccination 
2 nd week after 
vaccination  
3rd week after vaccination 4th week after vaccination 5th week after vaccination 
Chick 
xHI 
Mean
± SE 
  
Vacci
nated 
chicks 
Mea
n± 
SE 
Control  Mean 
± SE 
Vacci
nated  
chicks 
Mean 
± SE 
control Mean 
± SE 
Vacci
nated 
chicks 
Mean 
± SE 
control Mean 
± SE 
Vacci
nated 
chicks 
Mean 
± SE 
control Mean 
± SE 
Vacci
nated 
chicks 
Mean 
± SE 
control Mean ± SE 
1x1 
7x2 
2x3 
2.2
±0.
35 
1x2 
3x3 
6x4 
3.
8
±
0.
12
3x1 
6x2 
1x3 
1.9
±0.
51 
1x3 
5x4 
3x5 
1x6 
4.8±
0.31 
1x0 
4x1 
5x2 
 
1.5±
0.20 
1x3 
3x4 
4x5 
3x6 
5±0.
12 
1x0 
7x1 
2x2 
 
1.3±
0.11 
2x3 
1x4 
 
3.5±
0.20 
1x0 
2x1 
0.9±
0.14 
1x2 
2x3 
2.8±
0.12 
2x0 
1x1 
0.5±0.40 
 
Means (±SE) with the same letters in each column according to Rayan Q test.* 
*SE: Stander error. 
51 
 69
 
Figure 10: 
 The HI-Ab titre of tow-weeks old chicks vaccinated with Dongola strain by intranasal drop route.  
HI titre (log2) 
 
                                                
          
HI-titre                                                         
0
1
2
3
4
5
6
two week old
just before
vaccination
1st week 2nd week 3rd week 4th week 5th week
Dongola
strain by
intranasal
route
control
 
 
 
52 
 70
Table 13:  
The HI-Ab titre of tow-weeks old chicks vaccinated with LaSota strain by intranasal drop route. 
                                                                  HI titre (log2) 
 
 Two
-weeks 
old(just 
before 
vaccination) 
First week after 
vaccination 
2 nd week after 
vaccination  
3rd week after vaccination 4th week after vaccination 5th week after vaccination 
Chick 
xHI 
Mean
± SE 
  
Vacci
nated 
chicks 
Mea
n± 
SE 
Control  Mean 
± SE 
Vacci
nated  
chicks 
Mean 
± SE 
control Mean 
± SE 
Vacci
nated 
chicks 
Mean 
± SE 
control Mean 
± SE 
Vacci
nated 
chicks 
Mean 
± SE 
control Mean 
± SE 
Vacci
nated 
chicks 
Mean 
± SE 
control Mean ±SE 
1x1 
7x2 
2x3 
2.2
±0.
35 
1x2 
1x3 
7x4 
1x5 
3.
7
±
0.
31
3x1 
6x2 
1x3 
1.9±
0.51 
1x3 
4x4 
4x5 
1x6 
4.6±
0.21 
1x0 
4x1 
5x2 
1.5±
0.20 
2x4 
7x5 
1x6 
4.9±
0.10 
1x0 
7x1 
2x2 
 
1.3±
0.11 
1x3 
2x4 
3.8±
0.22 
1x0 
2x1 
0.9±
0.14 
1x2 
2x3 
2.8±
0.31 
2x0 
1x1 
0.5±40 
 
Means (±SE) with the same letters in each column according to Rayan Q test.* 
*SE: Stander error. 
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Figure 11:  
The HI-Ab titre of tow-weeks old chicks vaccinated with LaSota strain by intranasal drop route. 
                                                             
                                                                  HI titre (log2) 
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Table 14:  
The HI-Ab titre of tow-weeks old chicks vaccinated with I2 strain by intranasal drop route. 
                                                             
                                                                  HI titre (log2) 
 
Two-weeks 
old(just 
before 
vaccination) 
First week after 
vaccination 
2 nd week after 
vaccination  
3rd week after vaccination 4th week after vaccination 5th week after vaccination 
Chick 
xHI 
Mean
± SE 
  
Vacci
nated 
chicks 
Mea
n± 
SE 
Control  Mean 
± SE 
Vacci
nated  
chicks 
Mean 
± SE 
control Mean 
± SE 
Vacci
nated 
chicks 
Mean 
± SE 
control Mean 
± SE 
Vacci
nated 
chicks 
Mean 
± SE 
control Mean 
± SE 
Vacci
nated 
chicks 
Mean 
± SE 
control Mean ± SE 
             
            
1x1 
7x2 
2x3 
2.2±
0.35 
1x2 
2x3 
7x4 
3.6
±0.
24 
3x1 
6x2 
1x3 
1.9±
0.51 
1x3 
6x4 
2x5 
1x6 
3.8±
0.23 
1x0 
4x1 
5x2 
1.5±
0.20 
5x4 
4x5 
1x6 
 
4.4±
0.50 
1x0 
7x1 
2x2 
 
1.3±
0.11 
1x4 
2x3 
3.5±
0.34 
1x0 
2x1 
 
0.9±
0.14 
3x3 
 
3 1x0 
2x1 
 
0.9±0.14 
  
Means (±SE) with the same letters in each column according to Rayan Q test.* 
*SE: Stander error. 
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Figure 12:  
The HI-Ab titre of tow-weeks old chicks vaccinated with I2 strain by intranasal drop route. 
                                                             
                                                                  HI titre (log2) 
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Table15:  
The HI-Ab titre of  two-weeks old chicks vaccinated with (LaSota, I2 and Dongola strains)  by intranasal route. 
 
. 
stain Two-weeks old (just 
before vaccination) 
first-weeks (post 
vaccination) 
2nd-weeks (post 
vaccination)  
3rd-weeks (post 
vaccination)  
4th-weeks (post 
vaccination)  
5th-weeks (post 
vaccination) 
Chick 
xHI 
titre 
Mean ± SE Chick 
xHI 
titre 
Mean ± SE Chick 
xHI 
titre 
Mean ± SE Chick 
xHI 
titre 
Mean ± SE Chick 
xHI 
titre 
Mean ± SE Chick 
xHI 
titre 
Mean ± SE LaSota 
stain 
2x1 
7x2 
1x3 
2.1±0.10 1x2 
1x3 
7x4 
1x5 
3.7±0.31 1x3 
4x4 
4x5 
1x6 
4.6±0.21 2x4 
7x5 
1x6 
4.9±0.10 1x3 
2x4 
3.8±0.22 1x2 
2x3 
2.7±0.31 
I2 strain 1x1 
7x2 
2x3 
2.2 ± 0.35 1x2 
2x3 
7x4 
3.6±0.24 1x3 
6x4 
2x5 
1x6 
3.8±0.23 5x4 
4x5 
1x6 
 
4.4±0.50 
 
 
1x4 
2x3 
3.5±0.34 3x3 
 
3 
Dongola 
strain 
1x1 
7x2 
2x3 
2.2 ± 0.35 1x2 
3x3 
6x4 
3.8±0.12 1x3 
5x4 
3x5 
1x6 
4.8±0.31 1x3 
3x4 
4x5 
3x6 
5±0.12 2x3 
1x4 
 
3.5±0.20 1x2 
2x3 
2.8±0.12 
Means (±SE) with the same letters in each column according to Rayan Q test. 
*SE Stander error 57 
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Figure 13:  
The HI-Ab titre of two-weeks old chicks vaccinated with (LaSota, I2 and Dongola strains)  by intranasal drop route. 
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3.2. The result of thermostability 
The haemagglutination activity of some NDV strains (Dongola, LaSota and I2) for 
selected periods of time at 56 oc was shown in Table 4. 
 
 
 
Table 16:  
Haemagglutination activity of some NDV strains for selected periods at 56 oc. 
Strain/time 
 
5min 10min 15min 30min 60min 120min 
LaSota - - - - - - 
Dongola + - - - - - 
I2 + + + + + + 
 
 
(+) haemagglutination 
(-) no Haemagglutination 
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CHAPTER FOUR 
DISCUSSION 
 
Newcastle disease has been one of the most important diseases of poultry 
occurring worldwide. In Sudan it has been reported in 1951 and since then 
continues to be mentioned in all reports of the veterinary services. Newcastle 
disease virus strains and isolates are generally considered to form an 
antigenically homologous group. This has been the basis of vaccination 
procedures employed prophylactically in most countries (Alexander, 1997).  
The aim of this study was to compare Dongola strain (local lentogenic 
strain) with LaSota and I2 strains in infectivity, immunogencity and 
thermostability. 
Result of the titration of the three strains in embryonated eggs showed that 
Dongola strain could easy propagated in embryonated eggs and gave high titre 
(109.2 ml) when compared with LaSota strain (109.1) and I2 (108.7). 
The immunogencity of the three-lentogenic NDV strains was tested. 
Dongola strain was isolated from apparently healthy chickens at Dongola city 
of northern Sudan in 1988 (Khalafalla, 1994), this strain was compared with I2 
strain and LaSota strain in determining the effect of route of administration of 
the vaccine virus with a single recommended dose of the vaccines on the 
antibody response to Dongola vaccine and LaSota vaccine and I2 vaccine as 
detecting by HI test. 
The increase use of living viral vaccines has given more importance to 
influence of routes of administration on their effectiveness. In this study 
chickens of two-weeks old were vaccinated with Dongola, I2 and LaSota 
vaccines by drinking water route(DrW) and spray route and intranasal 
route(I/N). 
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The result, showed that intranasal (I/N) route gave higher titre. This finding 
agrees with Kheir (1992) who found that vaccination of five-weeks old chicks 
with K-strain by intranasal drop route (I/N) induce greater HI titre than those 
vaccinated by DrW route. Our finding also agreed with Semov et al (1976) who 
reported that vaccination of broilers with LaSota strain by spray route confers 
better immunity and higher immunity against the disease than drinking water 
route. Also our finding agreed with Gaffar , Elamin , Khalafalla and Ahmed 
(1993) who reported that vaccination of broilers with K-strain by intranasal 
drop or intramuscularly stimulated a protective immune response against 
standard ND challenge, where as the same vaccine given by spray or oral route 
did not. Also our finding disagree with Degefa, L. Dadi, A. Yami, K. and 
Nassir (2004) who reported that vaccination of broiler chicks with  types of 
locally produced live vaccines (HB1 and La Sota – lentogenic strains) were 
used to compare the efficiency of three vaccination techniques, namely 
drinking water, ocular and spray on broiler chicks show that the ocular route is 
superior to the drinking water route, which is superior to the spray technique. 
Also the results, showed that Dongola strain is in close relation to LaSota 
strain in infectivity and immunogencity. 
 I2 gave higher thermostability or has the ability to agglutinate chicken 
erythrocytes within the selected period. Dongola strain was found to be 
thermolabile, but it resists heating for 5 minutes in comparison to LaSota strain, 
which is the most thermolabile virus. This finding agrees with Nssien and 
Adene (2002) who found that when Haemagglutination (HA) test was 
employed to determine the stability of HA titers of reconstituted form of 
Hitchner – B1 (B1), LaSota (L) and Komarov (K) strains of Newcastle Disease 
Vaccine (NDV) at 36oc, the K-strain was the most stable at the test temperature. 
From the findings of the present study it is concluded that: 
1. Dongola strain grew well in embryonated eggs and yield high virus 
titre. 
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2. Dongola strain should be considered as a potential vaccinal strain of 
NDV. 
3. Dongola strain should be produced commercially to replace LaSota 
since it grew readly in embryonated eggs with higher titre and 
comparable immunogenicity and thermostability. 
4. the aerosol route give better immune response. 
 
Recommendation: 
1. More research on the immunogenicity of Dongola strain in broilers. 
2. Apply other routes of administration to this vaccine. 
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APPENDICES 
1. Physiological normal saline (NS) 
Nacl                                                           8.5 gm 
DDW                                                          1000 ml 
The mixture was autoclaved at 115 oc for 10 minutes. 
2. Phosphate buffer saline solution (PBS) 2 liters 
Solution (a) 
Nacl                                                          16.0 gm 
Kcl                                                            0.4 gm 
NA2HPO4(anhydrous)                                  0.4 gm 
DDW completed to                                     1500 ml 
Solution (b) 
Mg cl26H2 O (hydrous)                               0.426 gm 
DDW completed to                                     200 ml 
Solution (c) 
Cacl2 (hydrous)                                           0.426 gm  
 DDW completed to                                    200 ml 
Solution (a), (b) and (c) were autoclaved and left to cool. 
To prepare working solution of PBS solution (a) and (b) were mixed. 
Solution (c) was then added and the final volume was brought to 2 liters with 
sterile DDW. 
3.Al sever,s solution (anticoagulant) 
D-glucose or dextrose                                             20.5 gm 
Nacl                                                                      4.2 gm 
Na citrate                                                               8.0 gm 
Citric acid                                                              0.55 gm 
The mixture was completed to one liter with DDW and autoclaved at 115 oc 
for 10 minutes. 
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4. Working solutions of Antibiotics  
          Antibiotics were used to control bacterial contamination in suspensions 
prepared for chick embryo inoculation. 
Prepared for chick embryo inoculation. 
Penicillin stock solution (105/ml)                                     2.0 ml 
Streptomycin stock solution (105/ml)                               2.0 ml 
PBS                                                                             46.0 ml 
Total                                                                             50 ml 
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